The structures of the alkaline-earth formates have been investigated in terms of lattice energy calculations. The lattice energy E was approximated to be the sum of electrostatic and repulsive terms, where the repulsive potential used was in the form: (1/12) f(R~ + R~) 13 r -12 (r, interatomic distance;f, arbitrarily chosen standard force; R~, repulsive radius of an atom a). The potential parameters concerned were obtained with the structures of a-Ca(HCOO) 2, a-Sr(HCOO) 2 and Ba(HCOO)2. These potential parameters were successfully used for the determination of the structure of fl-Sr(HCOO)2, for the differentiation of the structures of a-Sr(HCOO) 2 and Ba(HCOO) 2, and for the interpretation of the large anisotropy of thermal vibrations in fl-Ca(HCOO) 2.
Introduction
The crystal structures of the alkaline-earth formates are manifold. They can be shown by the following scheme, where each box stands for a type of crystal structure. • Temperature Thus, the isomorphism does not hold for a-Ca(HCOO)2, a-Sr(HCOO) 2 and Ba(HCOO)E, which are the stable modifications at room temperature under atmospheric pressure (Watanab~ & Matsui, 1978) . fl-Ca(HCOO)2 and fl-Sr(HCOO)2 and 6-Ca(HCOO) 2 0567-7394/81/050728-07501.00 © 1981 International Union of Crystallography and ~Sr(HCOO)2 are respectively isostructures (Matsui, Watanab6, Kamijo, Lapp & Jacobson, 1980) . Sr(HCOO)2 has no counter-part of ?-Ca(HCOO)2, instead the transition fl-Sr(HCOO)2 ~---6-Sr(HCOO)z is progressive . It is the aim of the present investigation to find out what kinds of interaction determine these various structures. A consistent potential-energy model for these formate structures is proposed, where a repulsive potential of the form (1/12)f(R~, + R/3)13r -12 (r, interatomic distance; f, arbitrarily chosen standard force; R,~, repulsive radius of an atom a), is presented. The repulsive radii of the atoms concerned and the fractional charge on each atom of the formate ion are derived with the three crystal structures, a-Ca(HCOO)2, a-Sr(HCOO)2 and Ba(HCOO)2. The reliability of the potential parameters is demonstrated, and applications of the method to the determination of the crystal structure of fl-Sr(HCOO)2 and to the interpretation of the observed conspicuous anisotropy of the thermal parameters of fl-Ca(HCOO)2 are presented.
An expression for the lattice energy of ionic crystals
In the following the lattice energy E is approximated to be E=½~.~ (q,,q~r-~ 1 + A,,~ r~12),
(1) I J where r U is the interatomic distance between atoms i and j, A,~ is the coefficient of the repulsive interaction between atomic species a and fl, and q,~ is the net charge on an atomic species a. The dispersion attraction terms are neglected, for which a discussion will be given later. The summation over i includes one asymmetric unit, and j is summed over all atoms in the crystal except those which are bonded both directly and indirectly to the atom i. To facilitate the computation of the Coulomb sum, the convergence-acceleration method (Williams, 1971 ) was used. The convergence constant K was set equal to 0.12. The direct-lattice sum was truncated at 13.4 A, and the reciprocal-lattice sum was ignored; the estimated accuracy of the equation was found to be at least 99%.
When there exist n different atomic species, ½n(n + 1) repulsive parameters are required to specify all the pair interactions if use is made of (1). In order to decrease the number of these parameters, the method which Gilbert (1968) applied to the Born-Mayer potential B~ exp(-rlj/p~) was used in the A~/3 r~) 12 repulsive potential. The repulsive parameter A~ can now be expressed by (2), where R~ is the distance between atoms a and fl, being pushedtogether against repulsive force alone, by an arbitrarily chosen standard force f: A,,~ = (1/12) fR~.
(2) 1 The repulsive radius R,, is defined as R,~ = ~R,,~, and assuming that an additive rule, R~ = R,, + R~, holds for the radii, the parameter A,~ can be expressed by A~= (1/12) f(R, + R~) ~3.
(3)
In the following the lattice energy E is expressed by
The standard force f was kept unchanged at 1 kJ A -x mo1-1 throughout.
Derivation of the potential parameters
To deal with calcium, strontium, and barium formates, the energy parameters require the net charges q,~ and the repulsive radii R,~ for the six atomic species Ca, Sr, Ba, O, C, and H. Of these the net charges on Ca, Sr, and Ba ions were all taken as fixed at +21el, and the sum qc + qn + 2qo was constrained to equal --llel. There remain eight energy parameters. These eight parameters were derived from the three known structures, a-Ca(HCOO)2, a-Sr(HCOO) 2 and Ba(HCOO)2, with the minimization ofF:
t where p~ are the structural parameters including the cell parameters and atomic coordinates, and the subscript zero means that all p other than p~ are kept fixed. The weights, %, are arbitrarily taken as l a 12 (Ib 12, I c l 2) for the cell parameters and 1 otherwise. The space group of each structure was unchanged, and the formate ions were treated as rigid bodies. The structural parameters for a-Ca(HCOO)2 were taken from the neutron diffraction analysis (Burger, Fuess & Mason, 1977) , and those for a-Sr(HCOO)2 and Ba(HCOO)2 were from the X-ray crystal analysis (Watanab6 & Matsui, 1978) . The coordinates of H atoms in a-Sr(HCOO)2 and Ba(HCOO) 2 were calculated assuming planar formate ions with C-H = 1.08A. a-Ca(HCOO)2 crystallizes in space group Pbca with Z = 8. Two structures, a-Sr(HCOO)2 and Ba(HCOO)2, are different, in spite of crystallizing in the same space group P212~21 with Z = 4. In all the three formate structures, there exist one metallic ion and two independent formate ions in the asymmetric uint, all the atoms lying on the general positions. The structural parameters employed as observed quantities were, for each of the three structures, the three cell parameters, a, b and c, and the three coordinates, x, y and z, for the metallic ion and each of the carbon atoms as the reference atoms of the two rigid formate ions. The units are all taken in A. The equation of the orientation of each formate ion was neglected. Thus, from the three structures, 36 observations were available. The minimization of F was performed with the SIMPLEX method (Nelder & Mead, 1965) .
At the outset, all energy parameters were subjected to refinement. It was soon found that out of the eight energy parameters, R c and R a were found not to have converged, which implies that contributions from these repulsive terms are only a minor part of the lattice energy in all of the three structures. Accordingly, in further calculations, R H was fixed at 1.337/k, which is the converted value of Ann derived by Hagler, Huler & Lifson (1974) (An. = 29.936 x 103 kJ/k 12 mol-l), and R c was assumed to be equal to R o. The iteration history of the minimization ofF is given in Table 1 , and the optimized potential parameters are given in Table 2 . The repulsive radii of the metallic ions are found to be in the expected order: Rca < Rsr <: RBa.
Reliability and transferability of the potential parameters
Now that the potential parameters necessary for the alkaline-earth formates were obtained, the reliability and transferability of these parameters were tested in two ways. Firstly, it was investigated how well they would reproduce the three structures from which they were derived. Secondly, the transferability of these parameters was tested on a crystal which was not used in the derivation. Each of the three structures a-Ca(HCOO)2 , a-Sr(HCOO)2 and Ba(HCOO)2 was calculated by the minimization of the lattice energy E, with (4) and the parameters listed in Table 2 , by varying the coordinates of the metallic ion and both the coordinates and orientations of the two independent formate ions, keeping the space groups and the cell parameters of the observed structures unchanged, and the formate ions being taken as rigid bodies having the symmetry mm2 with C-O = 1.25, C-H = 1.08/k and /O-C-O = 125 °, based on the mean values of reliable figures reported for the formate ion. Throughout the rest of this paper, all the lattice-energy-minimization calculations were made in the same way. The minimization was carried out with the SIMPLEX method, starting with parameters in the neighbourhood of the observed structure. The agreement between the observed and calculated atomic coordinates are quite satisfactory, as can be seen in Tables 3-5. The mean coordinate discrepancies between the observed and calculated structures are 0.06/k for a-Ca(HCOO)2, and 0.04/k for both a-Sr(HCOO)2 and Ba(HCOO)2. Better agreements are found in the nearest-neighbour M2+-O distances, as are shown in Table 6 ; the mean discrepancies between the observed and calculated structures are only 0.03 A for both a-Ca(HCOO)2 and a-Sr(HCOO) 2, and 0.02 A for Ba(HCOO)2. The two crystals a-Sr(HCOO)2 and Ba(HCOO)2 are often cited as isomorphous (Groth, 1910; Schutte & Buijs, 1964; Wyckoff, 1966; . In fact, as Fig. 1 shows, these two structures are closely related, but the orientations of one of the two inde- pendent formate ions, denoted by C(1), O(1) and 0(2) in Fig. 1, are completely different (Watanab6 &  Matsui, 1978 ). If the potential parameters are sound enough, the results of the energy-minimized structure, starting from common coordinate values in the neighbourhood of the mean structure of the two, should conform to the result of the observed structures for the two. This was successfully proved as can be seen in Tables 4 and 5 .
To test the transferability of the potential parameters further, the energy-minimized structure was applied to the structure of fl-Ca(HCOO) 2 (Matsui, Watanab6, Kamijo, Lapp & Jacobson, 1980), which was not used in the derivation of the potential parameters, fl-Ca(HCOO) 2 crystallizes in space group P412~2 with Z = 4. The four Ca 2÷ ions lie on the twofold rotational symmetry axes and the eight formate ions lie on the general equivalent positions. The structural parameters include the x coordinate of the Ca 2+ ion and the three coordinates and three orientations of the formate ion. These seven parameters were adjusted to minimize the lattice energy E, starting from coordinates in the neighbourhood of the observed values. A good agreement between the observed and calculated structural parameters was obtained, as can be seen in Table 7 . The mean discrepancies are 0.02 ,/k both lor the atomic coordinates and nearest-neighbour Ca2+-O distances.
Crystal structure ofjS-Sr(HCOO)2 p-Sr(HCOO)2 is obtained as a crystalline powder on heating a-Sr(HCOO)2 and exists in the temperature range 298-503 K . It can be quenched to room temperature. From an analysis of the powder X-ray diffraction data, it has been reported that fl-Sr(HCOO)2 is tetragonal, P4~212 (or P43212) with a = 7.12 (1), c = 9.57 (2)A, Z = 4 at room temperature. From the lattice parameters, space group, and the general features of the observed intensity data, it was concluded that fl-Sr(HCOO)2 is isostructural with fl-Ca(HCOO)2 (Matsui, Watanab~, Kamijo, Lapp & Jacobson, 1980; Mentzen & Cornel, 1974) . Therefore a determination of the atomic coordinates was performed by means of energy minimization, starting from a hypothetical structure based on that of fl-Ca(HCOO)2. Here the structural parameters are seven, the same number as for fl-Ca(HCOO) 2. The optimized atomic coordinates are given in Table 8 . The calculated powder intensities were found to agree well with the observed intensities, as is shown in Fig. 2 parameters used for the calculation are 2.5 A 2 for Sr 2+, and 3.5 A 2 for the others. The scattering factors were taken from International Tables for X-ray Crystallography (1974) . Each Sr 2+ ion lies on a twofold rotational axis, and is surrounded by eight O atoms from six formate ions at distances listed in Table 8 . The mean Sr2+-O distance 2.60 A can well be compared with that found in a-Sr(HCOO)2 , 2.613 A, where the coordination number of Sr 2+ is also eight (Watanab6 & Matsui, 1978) .
Anisotropie thermal parameters in fl-Ca(HCOO)2
In the structure analysis of fl-Ca(HCOO)2 (Matsui, Watanab6, Kamijo, Lapp & Jacobson, 1980) , it was found that Ull's for C, O(1) and 0(2) are all much greater than U22's of the same atoms, as are shown in Table 9 . It follows that the formate ion as a whole oscillates with a larger amplitude along the x than along the y direction, which requires a shallower potential well for the formate ion along the x direction than the y direction. The lattice-energy variations as functions of the displacements of the rigid formate ion along each of the x and y directions through the equilibrium position are calculated. The result is shown in Fig. 3 , and is as expected.
Since the space group of the crystal is P4~212 and the twofold rotational symmetry axis runs along [110] passing through the origin, the eight equivalent positions on which all the atoms of the formate ions lie can be placed into two groups:
x,y,z; Sc,~,,½+ z;k-x,½+ y,k-z;½+ x,½-y,?~-z; (a) y,x,z;y,x, ½-z;½-Y, ½+ x, ¼+ z;½+Y, ½--x,] 
The argument given above should be applied to the formate ions occupying positions (a), while the reverse should be applied to those formate ions occupying position (b). Thus, the observed anisotropic thermal parameters can well be accounted for by the potential function and potential parameters presented in this paper. (2) 37 (1) -3 (1) -0 (2) -1 (1) 0(2) 59 (2) 15 (2) 82 (2) 3 (I) -I (2) 5 (2) C 41 (2) 23 (2) 29 (i) 7 (2) -I (2) -1 (2) H 5 (1) -800.
-1200. In conclusion, it must be recalled that the dispersion terms were neglected throughout. Nevertheless, equation (4) with the potential parameters listed in Table 2 has been proved to be very effective in deriving atomic coordinates in crystals. It is suggested that the dispersion interactions would not affect seriously positions of the potential minima in ionic crystals, or the contribution of the dispersion terms would be partly incorporated into the potential parameters derived by the method described in this paper. Introduction Examples are given of recent abuses or debatable applications of the R-factor ratio test (~9~) for the assignment of absolute configuration, and it is shown that some of the enhanced ratios that have been used do not necessarily imply a statistically significant reduction in a, the probability of making a wrong assignment. Reasons are given for believing that a is usually seriously underestimated anyway, and that in marginal situations the weighted ratio, ~w, is a safer guide than ~ and can even contradict the assignment based on ~. Aids are given to facilitate the estimation of a that are much easier to use than interpolation or extrapolation from Hamilton's tables [Hamilton (1965) . Acta Cryst. 18, 502-510]. The misconceptions led to a re-examination of the validity of Hamilton's application of linear-hypothesis testing to this particular problem. A more rigorous justification can be achieved by expressing the atomic scattering factors of all the anomalous scatterers in a crystal in the form foj + f'j + irlff ' and refining r/, the chirality/polarity parameter. Its standard deviation offers an alternative and more realistic index of the probability of an assignment. A postscript contributed by Professor G. M. Sheldrick reports very encouraging results for r/ refinement of three structures. * Address for correspondence: 11 Salvington Crescent, Bexhill on Sea, East Sussex TN39 3NP, England. 0567-7394/81/050734-08501.00
The assignment of absolute configuration is best based on direct measurement of the intensities of Bijvoet pairs of reflexions. It is, however, more often obtained as a by-product of normal data collection, in which event it usually involves one or other of two comparison procedures: either a comparison of the R factors of the two enantiomeric models over all the measured data, or varied forms of comparison over a limited number of 'sensitive reflexions'. It is usual in the former case to assess the statistical significance of the R-factor ratio, ~q~, by means of Hamilton's (1965) ratio test, but certain abuses and misunderstandings have recently come to my notice, especially while refereeing or being consulted by other referees: they occur often enough to justify the discussion below. In the latter case, a few authors have applied Hamilton's test to the enhanced ratios from 'sensitive reflexions', but apparently without thought as to the legitimacy of doing so. The abuses, together with other considerations which suggested that the ratio test tends to be over-optimistic, prompted me to re-examine the basis of Hamilton's applications of the R-factor test to this problem and led to the conclusion that his argument does not appear to conform to his definition of a linear hypothesis. An attempt is made to validate this application so that the test can continue to be used, but in doing so a proposal is made for an alternative assignment procedure that yields its own independent confidence index which is expected to be more realistic. The first three trials of this alternative procedure look very encouraging.
